gated. The e x i t p o i n t , where the neck joining the nascent fragmentsis s t i l l r a t h e r thick, i d e n t i f i e s the s c i s s i o n configuration ; t h i s is confronted
with d i f f e r e n t experimental evidence . E x~e r i m e n t a l r e s u l t s a r e discussed t o show t h a t the saddle-to-scission landscape may be r a t h e r f l a t and not steep as the ordinary L D M p r e d i c t s . Nuclear f i s s i o n i s a r a t h e r complex process, because i t c o n s i s t s of a large-amplitude motion, where a l l t h e nucleons of t h e f i s s i o n i n g nucleus a c t i v e l y . Although much t h e o r e t i c a l and experimental progress has been made over the p a s t decade i n understanding a p a r t of the p o t e n t i a l energy surface of a f i s s i o n i n g system, which shows d i f f e r e n t b a r r i e r s and minima a s a function of the s t r e t c h i n g and necking-in deformation coordinates, we know l i t t l e about t h e region from the o u t e r b a r r i e r down t o s c i s s i o n . For example, we do not even know whether the potent i a l energy landscape i n t h i s region determined from the ordinary l i q u i d drop model (LDM) represents nature o r whether i t lacks some s i g n i f i c a n t i n g r e d i e n t s . Obviousl) i t i s important t o t r y t o understand t h i s landscape before going on t o t h e dynamics of the process.
1.2
The p o t e n t i a l energy landscape c a l c u l a t e d with the LDM (which i s l i m i t e d t o s u r f a c e , surface asymmetry and Coulomb contributions) of Fig. 1 shows t h a t , s l i g h t l y beyond the b a r r i e r , the configurat i o n of separated fragment shapes i n t h e fusion v d l l e y becomes much lower i n energy than the one of continuous shapes of the same elongation along the L D M v a l l e y , but a l s o t h a t there i s a ridge separating these v a l l e y s , which a c t s as a b a r r i e r f o r the nucleus when necking-in and f i s s i o n i n g i n t o two fragments . As the def ormat i o n increases, however the height of the ridge decreases Fig. 1 -The L D M p o t e n t i a l energy landscape f o r 2 4 0~~ i n terms of the {pcm,h) parameters.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1984654 and a t a w e l l defined value of deformation -c a l l e d t h e e x i t p o i n t -n o t only i t disappears, but the L D M v a l l e y ceases t o e x i s t and t h e system becomes u n s t a b l e a g a i n s t s c i s s i o n 11-31.
A t t h e e x i t p o i n t , the c e n t e r of mass d i s t a n c e pm of t h e two halves of the nucleus i s approximately where % i s the r a d i u s of the f i s s i o n i n g nucleus. Pcm i s p r a c t i c a l l y independent of the f i s s i b i l i t y parameter x. The radius d of -the neck a t the e x i t p o i n t i s r a t h e r t h i c k , I t i s i n t e r e s t i n g t o n o t e t h a t t h i s value of d i s comparable t o t h e width of the t a i l of t h e d e n s i t y of a heavy nucleus. Beyond t h i s p o i n t , the l o s s of s a t u r a t i o n propert y of n u c l e a r m a t t e r and a s t r o n g Coulomb r e p u l s i o n between t h e two nascent fragments r e s u l t s i n a s t r o n g necking-in f o r c e t h a t should l e a d t o a very f a s t r u p t u r e of the neck. Therefore, i t i s q u i t e n a t u r a l t o i d e n t i f y the e x i t p o i n t a s t h e p h y s i c a l s c i s s i o n c o n f i g u r a t i o n . The e x i t c o n f i g u r a t i o n i s very compact and i t e x i s t s f o r both symmetric and asymmetric modes of f i s s i o n 121.
Let us nowdiscuss t h e experimental evidences supporting t h e e x i s t e n c e of t h e e x i t p o i n t and of the s c i s s i o n c o n f i g u r a t i o n 131.
1. V a r i a t i o n of t h e mean f i s s i o n fragment k i n e t i c energy <Ek> a s a f u n c t i o n of the f i s s i o n i n g nucleus.
Since pcm a t the e x i t p o i n t i s almost independent of t h e f i s s i b i l i t y parameter x and i f t h e neck r u p t u r e i s f a s t , then <Ek> should r e s u l t mainly from Coulomb r e p u l s i o n between t h e two h a l v e s of the nucleus with a c e n t e r of mass d i s t a n c e pcm , 2 113
where k i s a c o n s t a n t , and AF and ZF a r e t h e mass and charge of the f i s s i o n i n g
nucleus. An empirical c o r r e l a t i o n of t h i s type has been known f o r a long time 141. I f we take ro = 1.2049 fm, then k = 0.1220 a s compared t o t h e empirical value of k = 0.1240 found by Viola /4/ from d a t a on symmetric f i s s i o n . This c o r r e l a t i o n i n d i c a t e s t h a t a t l e a s t a major p a r t of <Ek> comes from Coulomb r e p u l s i o n and the p r e s c i s s i o n energy should be q u i t e small.
Dependence of <Ek> on e x c i t a t i o n energy of t h e f i s s i o n i n g nucleus
It i s well known t h a t <Ek> changes l i t t l e and remains p r a c t i c a l l y c o n s t a n t a s a f u n c t i o n of e x c i t a t i o n energy of t h e f i s s i o n i n g nucleus 151. Most of the e x c i t a t i o n energy i s r e l e a s e d a s prompt neutrons. A s discussed above, the e x i t p o i n t which determines <Ek>, r e s u l t s from t h e macroscopic (LDM) e n e r g e t i c s of t h e f i s s i o n i n g nucleus. This p r o p e r t y of the L D M parameters should be i n s e n s i t i v e t o t h e e x c i t at i o n energy of % 50-100 MeV corresponding t o a n u c l e a r temperature T % 1-2 MeV 161.
The v a r i a t i o n of <E > with e x c i t a t i o n energy seen experimentally can be k accounted f o r by t h e microscopic ( s i n g l e article) e f f e c t s .
Width of a l p h a -p a r t i c l e angular d i s t r i b u t i o n s i n t e r n a r y f i s s i o n .
A t t h e e x i t p o i n t t h e c o n f i g u r a t i o n s of t h e f i s s i o n i n g n u c l e i , say, from Th t o 2 5 2~f a r e p r a c t i c a l l y i d e n t i c a l because t h e d i s t a n c e pcm changes only by about 3 %. Any phenomenon which scans t h i s s c i s s i o n c o n f i g u r a t i o n should have s i m i l a r p r o p e r t i e s f o r a l l the f i s s i o n i n g n u c l e i .
Therefore, a l p h a -p a r t i c l e s i n t e r n a r y f i s s i o n , which a r e believed t o r e s u l t from t h e sudden r u p t u r e of the neck j o i n i n g the two nascent binary fragments / 7 , 8 
Variance a : of the nuclear charge d i s t r i b u t i o n i n f i s s i o n .
The experimental r e s u l t s on 2 3 5~ ( n t h , f ) show t h a t t h e average value of the charge variance 0; i s about 0.35 and i t is constant and independent of t h e t o t a l deformatione x c i t a t i o n energy Etotal a v a i l a b l e t o t h e f i s s i o n i n g nucleus i n the range of @12 t o 40 MeV 1121. This r e s u l t was shown i n Ref. 13 t o be c o n s i s t e n t with the zero point o s c i l l a t i o n of a c o l l e c t i v e isovector g i a n t dipole resonance of t h e composite system a t the e x i t point. I n t h i s p i c t u r e the charge mode i s excited somewhere between saddle and e x i t and t h e f i s s i o n i n g nucleus moves down from saddle towards s c i s s i o n so slowly t h a t the charge d i s t r i b u t i o n wave function is able t o adjust a d i a b a t i c a l l y t o the instantaneous equilibrium value. A t t h e e x i t p o i n t , however, t h e motion of t h e neck radius becomes suddenly s o r a p i d (due t o the process of rupture) t h a t the charge wave function can no longer a d j u s t a d i a b a t i c a l l y and a; undergoes a 'freezeout' a t t h i s p o i n t and remains constant t h e r e a f t e r .
Since t h e s c i s s i o n configurations of d i f f e r e n t f i s s i o n i n g n u c l e i a r e p r a c t i c a l l y i d e n t i c a l , the variance 05 should be s i m i l a r f o r a l l the f i s s i o n i n g systems ; t h i s i s confirmed by t h e recent r e s u l t s on 2 3 9~u ( n t h , f ) , where a$ has the same value / 141 as f o r 2 3 5~( n t h , f ) . The constancy of 02 over a wide range of deformation-excitation energy shows t h a t the heat-bath temperature T i s q u i t e low compared with t h e quantum energy hoz/2 of t h e charge mode. Furthermore, t h i s r e s u l t i s incompatible with the semi-equilibrium model
of Nijrenberg and questions i t s b a s i c assumption of a thermodynamic equilibrium among t h e c o l l e c t i v e degrees of freedom excited i n the f i s s i o n i n g nucleus between saddle and s c i s s i o n 1151. Since up t o the e x i t point t h e neck joini n g the nascent fragments i s so thick t h a t i t i s q u i t e l i k e l y t h a t only t h e necessary minimum number of c o l l e c t i v e modes such as s t r e t c h i n g ( f i s s i o n mode)
, necking-in, mass-asymmetry and charge modes, g e t e x c i t e d between saddle and e x i t . The o t h e r modes such as bending, wriggling and twisting postulated by Nix and Swiatecki 1161 f o r two tangent spheriods may not have much chance t o get e x c i t e d up t o t h e e x i t point and even beyond i f t h e neck rupture i s f a s t . Under t h i s condition t h e r e may not be enough c o l l e c t i v e degrees of freedom t o e s t a b l i s h a thermodynamical e q u i l ibrium. The lack of thermodynamical equilibrium w i l l a l s o question t h e v a l i d i t y of T c o l l used i n t h e Boltzmann f a c t o r e-V/Tcoll by Wilkins e t a1 1331 i n t h e i r s t a t i c s c i s s i o n -p o i n t model.
5
. Saddle-to-scission ( e x i t ) p o t e n t i a l energy landscape and the cold f i s s i o n phenomenon W e give i n Table I t h e saddle-to-scission energy d i f f e r e n c e Ess f o r a few represent a t i v e n u c l e i . One n o t i c e s t h a t Ess increases q u i t e rapidly with the ZF of the f i s s i o n i n g nucleus. Since t h e e x i t p o i n t i s not a s t a t i o n a r y p o i n t , i t i s not inv a r i a n t under coordinate transformation. However, s i n c e t h e c e n t e r of mass distance Pcm i s a n a t u r a l dynamical v a r i a b l e , it should minimize t h e non-diagonal elements of the i n e r t i a l tensor and the dynamics of the f i s s i o n process may be determined mostly by the p o t e n t i a l energy 1/21. I n t h e following discussion, we take t h i s t o be t r u e .
I n Figures 2 and 3 , we show t h e experimental d a t a on mass d i s t r i b u t i o n s f o r t h e thermal-neutron induced f i s s i o n of 229Th, 2 3 2~, 2 3 3~ and 2 3 5~ as a function b f t h e l i g h t fragment k i n e t i c energy window 1 / 7 1 EL. These r e s u l t s show the existence of f i s s i o n events whose k i n e t i c energies Ek,max approach t h e i r s p e c i f i c Q-values within an experimental uncertainty of 2-3 MeV. This i s p a r t i c u l a r l y t r u e f o r events with heavy fragment masses MH around 144 f o r 2 2 9~h and 2 3 2~ and & around 134 f o r 23% and 2 3 5~, and 2 3 8~~, 2 3 9~~ and 2 4 1~~ (ref . / 1 8 / ) n o t shown here. I n Fig, 4 , .we show the r e s u l t s of S i narbieux e t a1 I191 of EkImaX (MH) f o r 293JJ and 23511 compared with the corresponding Q ( t 4~) values. These d a t a were obtained with a r e l a t i v el y simple and purely e l e c t r o n i c method t h a t helped t o separate the fragments mass by mass i n the high fragment k i n e t i c energy region 1201. \ v . , . . ,,,,, 1 
One n o t i c e s h e r e , too, t h a t the Ek of f i s s i o n events with MH around 114 reach t h e highest possible Q-values. Let us consider the MH/ML = 1341102 fragmentation of 2 3 5~ ( n t h , f ) . I f the p r e s c i s s i o n energy Epre i s small as discussed above and i f one therefore can assume t h a t t h e fragment k i n e t i c energy r e s u l t s from
E~ = E = F Z1Z2 e Ip,,,(4)
One knows t h a t the L D M p r e d i c t s only symmetric f i s s i o n , b u t i n r e a l i t y t h e asymmetric mode i s the dominant mode i n the a c t i n i d e region. Furthermore, a l a r g e v a r i e t y of data on f i s s i o n obser--vables suggest strongly t h a t the poten-. t i a l energy of the f i s s i o n i n g nucleus plays a d e c i s i v e r o l e i n determining t h e i r p r o b a b i l i t i e s . Hence one can assume t h a t the t o t a l p o t e n t i a l energy,
i . e . L D M plus microscopic e f f e c t s , should be lower than the L D M v a l l e y energy alone. For t h e asymmetric mode of f i s s i o n t h i s has been shown by Mustafa e t a 1 /21/ t o be the case. A s a1 r u l e , each MH/ML fragmentation has a p o t e n t i a l energy surface. However, we l i m i t ourselves t o t h e L D M v a l l e y . As discussed before (point l ) , the meanhence, t h e most probable f i s s i o n f o r a given M~/ M~ -occurs a t the e x i t point, where t h e b a r r i e r between t h e two v a l l e y s disappears. I n t h i s p i c t u r e , The elongation coordinate i s the c e n t e r of mass distance p cm' the f i s s i o n events with Ek higher than <Ek> r e s u l t from a p e n e t r a t i o n (when neckingi n ) through the b a r r i e r between the two valleys 1221 ; t h i s can happen a s long as t h e fusion v a l l e y i s lower than t h e L D M v a l l e y . However, as Ek i n c r e a s e s , pcm decreases and t h e difference between the two valleys decreases and f o r Ek = E~, A (Fig. 5 ) , the two v a l l e y s have t h e same energy. For Ek -t Q and f o r pcm % 14.5 fm, one notices i n Fig. 5 t h a t the fusion v a l l e y i s AE % 10 MeV higher than the L D M v a l l e y and y e t the nucleus f i s s i o n s . Even by the uncertainty r e l a t i o n the nucleus could borrow t h i s energy only during A t % 6.6 x 10-23 sec t o f i s s i o n , much s h o r t e r than a nucleonic time i n a nucleus. AE i s even higher f o r heavier nuclei l i k e 2 3 9~~. One can invoke an involved s o l u t i o n t o t h i s problem 1171. However, t h e simplest s o l u t i o n may be t o consider t h a t the p o t e n t i a l energy surface i n t h i s region i s r a t h e r f l a t ( t h e points B and C a r e close t o each other) and not s t e e p a s predicted by the ordinary LDM. Hence, t h e LDM, a s used generally, lacks some e s s e n t i a l ingredients. The recent r e s u l t s of constrained HFB c a l c u l a t i o n s of Berger e t a l . / 2 3 / show a r e l a t i v e l y f l a t energy surface i n t h i s region -s u b s t a n t i a t i n g t h i s conjecture. Furthermore, when t h e curvature and t h e incompressibility terms a r e added t o t h e LDM, the landscape becomes f l a t t e r s i m i l a r t o the HFB r e s u l t 124,251. However, the b a r r i e r a l s o becomes much higher than t h e experimental value. I t i s argued t h a t t h e zero point energies on top of t h i s landscape should take care of the increase i n the b a r r i e r height. This point i s p r e s e n t l y under i n v e s t i g a t i o n . P e r t i n e n t t o t h i s context i s the calculat i o n of Brack a t al.1261 with a r e a l i s t i c SKMX-force using an extended Thomas-Fermi (ETF) formalism. The SKMX i s normalised t o the LDM b a r r i e r of 2 4 0~~. Their landscape beyond t h e saddle point i s q u i t e s i m i l a r t o t h e LDM. Hence i t would seem t h a t the energy of the b a r r i e r determines the shape of the landscape.
With such a f l a t landscape i n mind, Ess f r e e d from saddle t o s c i s s i o n should b e much l e s s than given i n Table 1 . Ess may be divided i n t o d i f f e r e n t p a r t s a s where Ecoll represents the p a r t going i n t o c o l l e c t i v e modes o t h e r than deformation, and E ?~ i n t o i n t r i n s i c e x c i t a t i o n . W e take Epre % 0. Since, as discussed above, probably only the minimum number of c o l l e c t i v e modes g e t e x c i t e d , a few MeV may be taken up by them. The remaining energy freed w i l l end up as E ?~. One can g e t some idea of E F~ from the odd-even e f f e c t on charge 
The r e l a t i v e f l a t n e s s of the landscape, the presence of only a r e s t r i c t e d number of collec- l i g h t e r t o heavier n u c l e i . The anisotropy
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v a r i e s s t r o n g l y with energy f o r t h e l i g h t e r elements, but becomes r a t h e r s t r u c t u r e l e s s f o r Fig. 6 show a systematic change i n t h e charact e r of angular d i s t r i b u t i o n s , when going from b a r r i e r t o change from an energy h i g h e r than t h e i n n e r b a r r i e r f o r t h e l i g h t e r e l ements t o an energy lower than t h e i n n e r b a r r i e r f o r t h e h e a v i e r elements. The l a c k of s t r u c t u r e i n t h e a n i s o t r o p y f o r t h e h e a v i e r elements has been explained on t h e assumption t h a t t h e K v a l u e s a r e n o t conserved d u r i n g t h e passage through t h e second minimum. It was assumed t h a t t h e time o f passage through t h e r e g i o n of t h e second minimum i s s u f f i c i e n t l y long s o t h a t t h e memory of K-values a t t h e f i r s t b a r r i e r i s l o s t and r e e s t a b l i s h e d a t t h e second b a r r i e r . When t h e second b a r r i e r i s lower than t h e f i r s t one, a q u a s i -s t a t i s t i c a l d i s t r i b u t i o n o f K-values may p r e v a i l r e s u l t i n g i n a s t r u c t u r e l e s s anisotropy. However, we have j u s t seen above t h a t t h e amplitude of odd-even e f f e c t s decreases r a p i d l y a s one goes from t h e l i g h t e r elements t o t h e h e a v i e r ones and i t h a s been shown t h a t p a i r s a r e n o t broken a t t h e second b a r r i e r 1311. tie think, t h e r e f o r e , t h a t a l a r g e p a r t of t h e alignment of t h e f i s s i o n i n g nucleus -hence, of K -i s destroyed during t h e saddle-to-scission descent where p a i r s a r e broken and q u a s i -p a r t i c l e s a r e e x c i t e d .
However, i t should be noted t h a t t h i s saddle-to-scission landscape does n o t seem t o be a b l e t o e x p l a i n t h e fragment energy d i s t r i b u t i o n which, f o r a given MH/ML r a t i o , i s about Gaussian i n shape 117,221. As d i s c u s s e d above, t h e upper h a l f of t h e Gaussian, Ek><Ek>, r e s u l t s from a p e n e t r a t i o n through t h e b a r r i e r between t h e two v a l l e y s and a s Ek goes up, t h e pcm decreases and t h e b a r r i e r h e i g h t i n c r e a s e s r e s u l ti n g i n a decreased p r o b a b i l i t y o f f i s s i o n . The production p r o b a b i l i t y f o r low energy e v e n t s , Ek < <Ek>, i s r a t h e r s i m i l a r y e t t h e r e i s no b a r r i e r p r e s e n t i n t h i s case.
Furthermore, one has t o look i n t o a s t o how t h e r e l a t i v e f l a t n e s s of t h e p o t e n t i a l landscape beyond t h e second b a r r i e r may i n f l u e n c e t h e ground s t a t e spontaneous f i s s i o n h a l f -l i v e s .
